The impact of a thermoelastic rod against a rigid heated barrier is considered using the hyperbolic theory of dynamic thermoelasticity with thermal relaxation. The Laplace integral technique with the subsequent expansion of the found images in terms of natural functions of the problem is utilized as a method of solution. The analytical time-dependence of stress, temperature and displacement is obtained.
Introduction
The problem of impact of a thermoelastic rod against a rigid heated barrier was considered using different theories of dynamic thermoelasticity and methods of solution. Thus, the extended thermoelasticity based on the Maxwell-Cattaneo-Vernotte law of heat conduction [1] was utilized without reference to and with due account for the coupling of the strain and temperature fields in [5] and [3] , respectively. The analysis of the solutions constructed in [3, 5] is amenable only to numerical treatment. Five-term truncated ray series solutions have been constructed in [3] .
Yury A. Rossikhin and Viktor V. Shitikov
The Laplace integral transform was used as a method of solution in [5] . However, the difficulties connected with finding the inverse Laplace transforms did not allow the author to solve the problem in an exact form. An approximate analysis, in which "diffusive terms" were neglected, led the author of [5] to a contact time formula wherein the contact time depends on the impact velocity and heating temperature of a rigid wall.
Later, in 1993, Green and Naghdy [4] formulated the so-called hyperbolic theory of thermoelasticity without energy dissipation. Thus, the idea proposed in [5] antedated for 15 years the Green-Naghdy theory [4] , and enabled its author, Yury A. Rossikhin, to solve the dynamic boundary-value problem of thermoelasticity, resulting in the analytical solution for the contact stress.
The problem of the impact of a thermoelastic rod against a rigid heated barrier with due account for heat exchange between the rod and the wall has been analytically solved in [6] via the Laplace-integral transform method in combination with the expansion of the desired functions in terms of eigen functions using the Green-Naghdy theory of thermoelasticity without energy dissipation. The influence of the coupling of the strain and temperature fields on the time-dependence of the contact stress has been analyzed. It has been found that the fields' coupling results in an increase in the contact stress.
Using the D'Alembert method [9] , this problem has been treated for the cases of uncoupled and coupled strain and temperature fields, respectively, in [7] and [8] adopting once again the hyperbolic theory of thermoelasticity without energy dissipation.
The problem of collinear collision of two thermoelastic rods with equal cross-section and rheological parameters but of different length and temperature has been considered in [10] . Thermoelastic behavior of the rods has been described by the Green-Naghdy theory without energy dissipation, and D'Alembert solution has been utilized as a method of solution. Since the coupling between the temperature and strain fields could be assumed to be small, then the perturbation technique has been used as well. The proposed procedure has allowed the authors to construct an analytical solution enabling to study the influence of thermoelastic parameters on the contact duration of two rods, as well as to obtain the stress, displacement velocity, temperature, and heat flow dependences of time and coordinate.
In the present paper, in order to analyze the influence of the thermal relaxation time on the behavior of the contact stress during the impact interaction of a thermoelastic rod with a heated rigid wall, a small parameter During impact, at one rod's end ( 0 x  ) there occurs thermal exchange between the rod and the wall, while the other end ( xl  ) is thermally insulated and free from external forces.
Assuming that heat propagates with a finite speed, we arrive at the following set of equations [5] :
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subjected to the initial and boundary conditions  is the stress,  is the density, u is the displacement, h is the heat transfer coefficient from the wall to the contact boundary, 1 1 0
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  is the difference in temperatures of the rigid wall and impacting rod, and a subindex after a comma denotes the derivative with respect to the x  coordinate or with respect to time t . Eliminating the value q from the energy conservation law (1) and Fourier law (2) considering inertia of the heat flow, as well as the value  from the equation of motion (3) and Hooke's law (4), we find (7), as well as from equation (7) ae.
Applying Laplace transformation to the set of equations (8) and (9) with further transformation from the Laplace domain to the time domain, the solution was presented in [4] in the following form: ( 2 1) , , 0 , 12 
Substituting (24) in (10) 
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Utilizing features of periodical delta-functions [2] (see Appendix), we could find from equation (26) 
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Knowing the value of () st , we could find the functions () gt and () ft  
Considering relationships (28)- (31) and (32)- (34), we could rewrite the contact stress in the dimensionless form 
Conclusion
Introducing the small parameter 1    and expanding the solution of the problem under consideration in terms of the small parameter, it was possible to obtain the analytical relationships for the stress and temperature, and in particular, for the contact stress, for the intricate contact dynamic problem concerning the impact of a thermoelastic rod against a rigid heated barrier. With a help of the small parameter, the influence of the thermal relaxation time on the behavior of the contact stress has been analyzed. It has been found that the contact duration of the thermoelastic rod with the heated rigid wall is dependent not only on the arrival to the place of contact of elastic and thermal waves reflected from the free rod's end, but on the relaxation processes occurring in the thermoelastic rod as well.
